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ycna HA bA3E CORTEX-A9 -
BKJAL B TMOCTPOEHNE HALEXKHDLIX
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BHeapeHne aBTOMaTU3NPOBAHHbIX CUCTEM KOMMeEpYeCcKoro yyeTta
noTpe6neHuns sHepropecypcos (ACKYD) — 04HO 13 OCHOBHbIX
HanpaeneHunn pas3snTtmsa XXKX. KomnaHusa "MunnaHgp" cnpoektmpoBana
cMcTeMy, KoTopas npeactasnsieT cobom retreporeHHyto ACKY3 ans
KOMMJIEKCHOrO y4YeTa pa3/IM4HbIX BUL,0B SHEPropecypCoB: 3N1eKTpU4eckomn
W TEeNN0BOW 3HEpPruu, rasa, Boabl. OCHOBY CUCTEMbI COCTABASIOT
MUKPONpPOLLeCCOPHble CHETYMKN S1eKTPO3IHEpPruu, nogaepxmsaroLime
ABYXCTOPOHHMN 06MEH AaHHbIMW 1 NpeaoCTaBASIOWME LUMPOKME
[0NoNHUTe NbHble GYHKUMOHAIbHbIE BO3MOXHOCTU. 118 yyeTa
noTpebneHns BoAbl, rasa, TeN/10BOM SIHEPrum B CUCTeMy MOryT 6biTb
MHTErpupoBaHbl CHETYMKMN YKA3AHHbIX peCypCoB /1t0bbiX NponssoguTenemn
N C Pa3INYHbIMU MHTEepdencamm. BaxHbi aneMeHT ntobon

ACKY> — ycTponcTBO cbopa 1 nepegadn gaHHbix (YCNA). O6 yCna,
pa3paboTaHHOM KoMMnaHuen "MunaHgp”, pacckasbiBaeTcs B CTaTbe.

HaeT B ACKYD uenbi psg OyHKLMW, OCHOBHbIE
N3 KOTOPbIX:
* OpraHu3auns ceTu nepeaaym AaHHbLIX;
e cHOp AaHHbIX U3MepeHnn C NpnBOpOB y4eTa pecyp-
COB;
* nepefaya NnoyYeHHbIX JAHHbIX HA LeHTPasbHbIN cep-
BEp CUCTEMDI;
* npueM 1 nepeaaya CepBMUCHbLIX KOMaHA yCTPONCTBAM
OT LLeHTPanbHOro cepeepa;
* [AMArHOCTNKA COCTOSIHWNS CEeTHU;
e permcTpaums cooblieHn 06 oWmbKax;
* KOHTPO/Ib TEKYLLEro COCTOSIHUA YCTPOWCTB, MOAK/IO-
YeHHbIX K cucTeme.
B ocHose YCMJ (puc.1), pa3paboTaHHOrO KOMMaHWen
"Munanap", NexmnT o4HOSAEPHbIN 32-pa3psAHbLIA MUKPOMpPO-

VCTpoPmTBo cbopa M nepefayn AaHHbLIX BbINOJ-

AQ "MKK Munanap", ampektop LM P3A, myakochin.yuri@ic-design.ru.
AO "MKK Munanap", BeayLmmn nHxxerep, shedyakov.d@milandr.ru.
AO "MKK MunaHap", nHxeHep, kareev.k@milandr.ru.

ueccop i.MX6 komnaHuu Freescale/NXP ¢ BbICOKOMpOW3-

BOAUTENbHLIM a4poM ARM Cortex-A9 1 TakTOBOW 4acTo-

Tom go 800 MIu. Mukponpoueccop COAeEP>XKUT BonbLuoe

KO/INYeCTBO PYHKLMOHANbHbLIX 6/10KOB U MHTepdencos,

B TOM Yucne:

* namaTb: 16/32-6utHasa LP-DDR2-800, 16/32-6uTHas
DDR3-800, LV-DDR3-800; 8-61THass NAND-¢dnew;
16/32-6uTHas NOR-dneLy;

e YeTblpe nopTa ansg kapt MMC/SD/SDIO;

e 1xUSB 2.0 c nogaepxkon OTG 1 3xUSB 2.0, paboTato-
LLIMe B PeXXMME XOCTa;

e nopTbl PCl Express 2.0 v Ethernet;

e 3xI2C/SSI/AC97 cO CKOpPOCTbIO NepeAayn AaHHbIX
0o 1,4 Méuc/c;

e 5xUART CO CKOpOCTbIO Mepefaydn AaHHbIx 4o 4 Méuc/c.
B KayecTBe onepaTtMBHOW MAMSATW YCTPOMCTBA BbLICTY-

NalT MUKPOCXEMbI C HU3KMUM MOTpebneHnem craHgapTa

LV-DDR3-800 cymmapHbIM 06bemom 512 MbanT. [ns one-

PALMOHHOM CUCTEMbl U XPAHEHWS [AAHHbLIX YCTaHOBIEHA

MUKpOCXxeMa namsaTu ctaHgapta eMMC ob6bemom 4 [6anT.
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BHYTpPEeHHSS NamsATb YCTPOMCTBA MOXET BbiTb paclumpeHa
00 64 FbanT NnoCcpeaCcTBOM NOAKIKOYEHMS KApT NamMaTu Gpop-
MaTta microSD. Bce KOMMOHEHTbI YCTPOMCTBA BbIOpaHbI C yye-
TOM pabouero AmanasoHa TemnepaTtyp B npegenax ot —40 y
00 90°C, yTo no3BongeTr ycraHasameaTbh YCM/ kak B oTa-

XKK-nHgnkatop

NAMBaeMbIX, TaK ¥ B NOABA/IbHbIX, CKAAACKMX UM Yepaay- L 4P§;/m
HbIX NMOMELLeHNAX. o3y PN Mukponpoueccop

Yepes nopT USB 2.0 oCyLleCTBASIOTCS YCTaHOBKA SU2 et {10 (SRR A \
OMepaLMOHHON CUCTEMbI YCTPOIICTBA, ero nepBoHavasibHas microSD

HacTpovika v nposepka. Yepes USB-MHTepderc BbINONHAOTCS
TaKke KoHdurypmposaHue YCMNA n gobasneHve npnbopos
yyeTa B CMMCOK OnpaLLrBaeMbIX YCTPONCTB. [1/19 BbIBOAA CJ1y- PLC.C3
eBHOM MHPOPMALMK, AATbl U BPEMEeHM, YCTaHOBEHHbIX Ethernet
B YCTPOMCTBE, CBeAEeHUI 06 MHTEPDENCHBLIX MOAYNSX UCNO/b-
3yeTca rpaduyeckmii XXMAKOKPUCTANINYECKMIA UHAMKATOP.

YCMNJA obnagaet pe3epBHbLIM MUMTAHWEM, YTO NO3BOSIET COXPA- USB 2.0 Rrees
HSITb HACTPOMKM BpeMeHn n GSM / GPRS-moayns npyn aBapum-
HOM OTKJ/THOYEHUU NMUTAOLLEro HanpsikeHus. BYCM yCTaHO?- RS-485
JIeHbI 3/IeKTPOHHbIE AATYUKN BCKPLITUSA A5 3aLLUTbI YCTPOU-
CTBa M 3aMNncM NonbITOK HECAHKLMOHNPOBAHHOIO A0CTYNA. GSM/GPRS

Onsa CBA3WM C UEeHTpasbHbLIM CEPBEPOM CJIYXUT ZigBee

100-merabanTHbI MHTepdenc Fast Ethernet ctaHgapTa
100BASE-T. CueHTpanbHOro cepepa yepes Ethernet, npum
Hannyum nogkntoveHus YCMJA K rnobanbHoOM CeTn ocy-
LeCTBNAKTCS KOHOUIYypMpOBaHME YCTPOMCTBA, MOUCK Puc.1. CTpykTypHas cxema YCII],

U800 2.
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Puc.2. CobpanHas mata YCII/

W coCTaBneHWe cnmcka nNpubopoB y4eTa, HacTpauBa-
0TCSt BDEMEHHbIE MHTEPBabl CHUTLIBAHWUS JAHHbIX U XKy P-
Hana cobbiTU, NpoBepsaeTCcsi COCTOSAHME YCTPOMCTBA
1 0bHOBNAETCS NporpaMMHoe obecnedeHue. MNpu oTCyT-
CTBMUW MOAKIOYEHUS K rnobanbHOM CeTu BCe onepa-
UMM no obmeHy mMHdOpMaLMen C LLeHTpasibHbIM Cep-

Systems|

BEPOM MOXHO BbLIMOMIHUTL Yepe3 BCTPOEHHbIN MOAY/b
GSM/GPRS.

Mpyn NpoeKTUPOBAHUN YCTPOMCTBA AJ1S OpraHu3auuu
CBA3M C npmbopamu yyeTta 6bIIM peanm3oBaHbl HAanMb0o-
flee pacnpocTpaHeHHble MHTepdenchl, Takme Kak ZigBee,
2xRS-485, PLC 1 paagmMo4acTOTHbIM KaHan.

OCHOBHOW MOfZy/b CBSA3N — reTeporeHHbin (paboTato-
UM No ABYM KaHanam cssasu) moaem PLC/RF, cospaH-
HbIM Ha 6a3e npoueccopa UMdpoBon 06paboTKM CUrHA-
noB npounsBoAcTBa "MunaHap”. PLC-mHTepdenc siengeTcs
NPUOPUTETHLIM NpK Nepeaaye MHHGOPMaLIUM MexXay yCTPOK-
CTBaMM, Tak Kak TexHonoruns PLC He TpebyeT BbIMOAHEHNS
[OMONHUTENbHbIX MOHTAXHbLIX paboT A/151 pa3BepTbiBAHNS
CMCTEMbI M NO3BOJISIET OPraHN30BaTh ee 3anyck nocae Noa-
K/KOYEHWM S K 371eKTPUYECKOW ceTu. Pe3epBHbIA paamoYvacToT-
HbIV KaHaN 3a4eMCTBYETCS, eC/iv npounsoLen cbon B paboTe
MOZEeMa UM He MOy4aeTCs YCTAHOBUTbL CBSA3b C Npubopamum
y4yeTa. B kayectse npoTokosa PLC-MoaemMa ncrnosib30BaHbl
cneymounkaumm ctaHgapta G3-PLC, KOTOpbIM MOCTpOeH
Ha OCHOBE HM3KOo4YacToTHOM OFDM-Moaynaumn 1 npepo-
CTaBAsIeT WMPOKME BO3MOXHOCTW AJ15 peanmn3aLmm Hagex-
HOWM MOMEXOYyCTOMYMBOW CBSI3U MPU HANM4MM HONbLLIOro
KOMNYEeCTBA MCTOYHUKOB MOMeX. Paano4acTOTHbLI MOAEM
paboTaeT B ISM-granasoHe 868 MI'L 1 peannsyeT peseps-
HbI KaHaN CBA3M NPUBOPOB yyeTa Mexay cO60n HanpsiMyo
NnMB0 Yepes NOBTOPUTENN.

Ocoboe BHMMaHMe Npu NpOeKTUPOBAHUM YCTPOMCTBA
6bIN0 yaeNeHo TpPacCMPOBKE NEYATHOM MAATbl MUKPOMpPO-
ueccopHoro moaynsa (puc.2). Mockoabky YactoTa paboThbl
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Puc.3. ['1a3koBas Juarpamma obMeHa JAHHBIMU I10 ITPoToKoay DDR3
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OVNHAMWNYECKOM NamMsATU O4YeHb Bbicokas — 800 MTIu, 3To
obecneymBaeT NPOMNYyCKHY CNOCOBHOCTbL KaXA0W NTMHUMK
HaHHbIX 10 1,6 F6uT/C (NamaTb paboTaeT B pexkume DDR).
MNMpoeKkTMpoBaHME TaKMX CUCTEM Y>Ke HEBO3MOXHO 6e3
aHanM3a LenoCTHOCTM AaHHDLIX. [10 r1askoBown gvarpaMmme
(pnc.3) MOXHO onpefennTb, YTO AaHHbIE NMpW Mepedade
COXpaHAKTCS.

YCN/A paboTtaeT nof ynpaBieHMeM onepauuoHHOM

cucTembl Linux. Mcnonb3yetcsa sapo Linux Bepcum 3.0.35
C MmoandunkaunmamMmmn KkomnaHum Freescale. 3a OCHOBY B3AT
ancTpnbyTme Debian ans npoueccopa ARM c moaaep>Kkom
onepawui Cc nnaBatolien To4kom Bepcim 8.6 (Jessie). B 6a3o-
BOW CUCTeMe NpefCcTaBeHbl KOMMOHEHTbI, MO3BOASOWME
BbLIMOMHATL CeAytoLLMe 3a1a4m:

wWww.electronics.ru

HbIX — ceTeBoi (TCP/IP). laHHble CO CHETYMKOB XPaHATCA
B 6ase AaHHbIX SQL. Takxxe 3TOT CepBUC OTBEYAET 3a Bede-
HWe n nepepady xxypHana geatenbHoctn YCrA, B ToMm yncne
3a obHapy>eHue BckpbITUs YCI/, N0 KOHLEBbIM Nepex/to-
yaTesnsam.

Ona nogknoyeHus K YCIMA yepes mHTepdenc USB
ncnonb3lyetca mexaHmsm USB OTG. [lMpu noakatoye-
HUNM K KoMnbtoTepy YCI npeactaBnseTcs cMcteme Kak
Ethernet-mHTepdenc ¢ paboTatoWwmMmM CEPBMCOM BblAa4vm
IP-agpecos no npotokosy DHCP. 3To no3BosigeT nosHo-
CTbO KOHGUrypupoBaTh cepeuc YCI/, a Takoke 06HOBAATL
CUCTEMY W OCYLLeCTBAATb YAANEHHbLIM A0CTYN K CUCTeM-
HOM KOHCONU TOMbKO MyTEM MOAKAYEHUS MO UHTep-
dency USB.

e yOaNneHHbIN 4OCTYN M aAMUHUCTpUpoBaHue YCIA;
* 3anycK CepBMCOB, HAMMCAHHbIX HA S3bIKEe NPOrpaMmMm-

poBaHus Python 2.x;

e paboTa c ceTeBbIMU MHTepdENncaMm n NPoTOKONAMM
aBToHacTporku cetent (DHCP);

* CUHXPOHM3aUMa BpemeHu no ctaHpaapTy NTP;

« paboTa c Point-to-Point ceTamu (B JaHHOM C/yyae

¢ GSM-MoaemMoM, MOAK/THOYEHHbIM K Moc/1e0BaTe b

HOM MOpTY);

e AMHaMMYecKoe ynpas/eHve YacToTon npoLeccopa.

[ng nepBMYHON NOATOTOBKM M MPOBEPKM CUCTEMDBI Mepes,
3anyckoM, a Takxke Ang ee OHBHOBMEHUS UCNOMb3yeTcs
MEXaHWM3M 3arpy3Kku 13 ONepaTMBHOM NaMSATU A1 HaYa lb-
HOM MHUUManm3aumm (initramfs), KoTopbIA HavyMHaeT
paboTaTb HEeMOCPeACTBEHHO MOC/e OKOHYaHMS 3amnycka
aApa v No 3aBeplleHnn CBOMX 3a4ay nepepaet ynpasie-
HMe OCHOBHOM cucTeme. OCHOBY CUCTEMbI 415 3arpy3Ku
13 O3Y cocTaBnsieT CUAbHO BUAOM3MEHEHHbLIV Debian Bep-
cnmn 7.0 (Wheezy), B KOTOPbI YCTaHOB/IEHbI KOMMOHEHTHI,
NO3BONSIIOLLME BbLIMOAHATL 6a30Bble omepauumn Mo ycra-
HOBKe/OBOHOBMEHMIO CUCTEMDI, a TakXXe MpeaoCTaBsaTb
ABAPUMHbBIN PEXMM C BO3MOXXHOCTbIO YAANIEHHOr0 0CTyNa
Ons BocctaHosneHns YCI/[ B c/iydae noBpexaeHMs OCHOB-
HOW CUCTEMDI.

[Ansa Hnumnanusaumm v ynpasneHms LCD-3kpaHoOM 6bi
HanMcaH ApanBep YpOBHS s4pa, KOTOPLIM NpefocTaBaser
[OCTYN K BHYTPEHHEN NaMSATWU M MPOrpaMMHbIe MOAYAN ANS
0BHOBMIEHNS SKPAHA.

GSM-mo4emMoM ynpas/isieT crneymanbHaa nporpamma,
obecrneymBaoLLas ero MHMLMANM3aLUnIo, a B cJiyyae 3aBu-
caHus — nepesanyck/nepenHuumanmnsauunio. Ana obecne-
YeHUs OA4HOBPEMEHHOr0 A0CTyrna K MOAEMY HeCKOJIbKUX
CNy>X6 MCNONb3yeTCs MeXaHU3M MybTUMIEKCMPOBAHMS
no ctangapty GSM 07.10.

BoinonHeHme 3a4a4 cbopa, 06paboTkum, XpaHeHMs U nepe-
03241 JaHHBIX CO CHETYMKOB peannsyeT crneunanbHbI Npo-
rpamMMHbI cepeuc. [ins noctyna k PLC/RF-moaemy (a yepes
Hero — K CHeTYMKAM) OH WUCMOMb3YeT MNOC/eL0BATENbHbIN
nHTepdenc, aas KOHPUrypmpoBaHnsa M nepefayvn AaH-

B 3akstoveHne oTtmeTtum, 4to YCI[ paspaboTaHo
Ha OCHOBe BbICOKOMPOW3BOAUTENLHOM U 3Heprosddek-
TUBHOW 31eMEHTHOM 6a3bl, 0becneynBaeT HaJeXXHYH CBS3b
1 C60p AAHHbIX 33 CHET MCMOJIb30BAHMS Pe3ePBUPOBAHHbIX
KaHanoB 06MeHa, N03BOJISIET NOAKIUYNTBL K cucTeme 60nb-
LUMHCTBO NPNUBOPOB y4eTa IHeproHocuTeNnen, MOXeT Npu-
MEeHSTbCS B LUMPOKOM AManasoHe Temnepartyp v ya0BeT-
BOpseT TpeboBaHMAM COBPEMEHHbIX cMcTeM ACKY3. (]
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